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•feto® MtirlJg tste#» fefe# f«» 
^11 ^JE ^3 ^14-  ^15 ^ '6  
^22 ^2? ^2J- ^26. 
^33 ^^34 
Vi" 
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WSm^m &m 2i -©lastie m-mMtm&%m la s &Q«0g#a@ei^  
mteriai -#r mm 
4^1^ Ab tfMft -Js 'igM • II T in %fir iWi j^. liato-itoifc-^#- ^*[1 iBfe' .^SE :daH. 4j3^7 tSM <iii' ..A ^i ^ .1|L*-& iraflw#H®fS,l^ i •e^^SSSJ, ©x ISfEgl^ Mtl. Bl©i©«" 
axial ela««.,. %• fii® Xj. „# m S,,, «!» Is a. mmtm et 
fte## •«»« mt :ttsgl.@s t©  ^
i^ y .««a» «f «kt©ii em te# taleiii a« m^m m^m tw#-
f#M mMMmm,  
haa- milw f&# *%nx 
t^ ## «s .gl.^ a ##»®sp®aa4ag to tfe® 
mm-^ s'ix tm» m mt%m^ml &£ m# mymm^ww* t« f  
^11 ^12 ^13  ^ i4  ^  ^  
^1 I  ^ I3" '^ l4  ^  ^  
C__ o  o  O . • • • • . . • •  M.  
S4 ^ 
C-n ~C>|2 
2 
s^& @.iA»%t'«: ©matMEte ®# tfe#' %m ®r®»wim#€ 
la tmfel# 11 foj» «m«f la t^ mmgiM  ^ ©iw .iiyst« t® 
©% r^« &» fcte#.8«: ia ««taaigl# 
«»«- m%mi% t@ ««®b »t ©-© t^aata t# blaj^  
S'pl€s## ixt 'itelli'],# '^ ' 
M jasiss asses' few the aatMaailnatlM, ot the 
»#.teyi. wew  ^ mt -©ml^ Alag ©#• 
paa%«# mm% wi^  t« teb® ,iafeai*sl, 
of Ida# m^t'-ymt&X mm Wm f%m'^ 
• 'iw© ausgt#* ni:a#A  ^ t© m 
p:ia.t«» Hs» «agl#  ^ tl# asl*afcli, $m %ikm m,gM- to.#» 
a«^»l  ^ ©f Si© plat® 'Wa *, m^m .^ 
mm in »»•»€ • 
£# bbi^ KS. aad fe*t# 
t&@ thm 0®,0® •» 
^ f^cal, t# €«t®mteast # wmtrn'^ mmm t@ tafeX# 
it i« :S#« Cmz," '^13/ * '^3'/ ~ /^E// = O  ^
^Mrnmtor®, tmw -tto #^^0® plat# t» 
CL,„, - ff2 O O 
o C' iZ2/"* 'T^ C^iZJl  = o. 
Bi^ m- 44a.flf- lasfe tp@ 'Cif" •©m-stants- ta 
t«ais«i» a©%a.tl«. mm. st^ to wMe  ^ t&# 
is .ifc«s.©elat@ai# to 'tabl® 1 sto^# Hiat Wm 
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Table II 
The stresses produced in Quartx as a 
funct ion of  the s- t fa l ins 
X'x 011 J/,T O22 2.2 Q|3 0a3& 
X, c„ 
Cm 2  ^
^13 
Cnj j  C^ni j f i - f i sZ  
4 
^12 
^2211 C.1222 
C-ZJ 
C'a2j3 ^2223j^2Z32 
Za C|3 
^331 ( 
^13 
^3322 
^33 
r. 
% 
dL 
C / Z f .  
^ Z 3 l l  
C32H 
" C-ltf-
C2322 
C^222 
C2i2Sf^Z332 
PJ2MPJZ72 
Zx 
(Hv C-jin.Cjui 
Ci4 
<^jn2Pjt2t 
I 
& ^120,^ /2Ji C-z in .C-Ef j i  
^t2(2f'ti2l 
C-2(12/^2121 
6,1 , a t& *, wtei..i# 
t^m ^1 mm pp^ae® a p©aiyei,s»ttm t» <lt* 
H®n©#:|s ti»' me%#i» ta tM 
s^dst# a ms&m &t tef  ^ m& 
f'i#M tii -tl* «| €tswfet«a  ^
©r ^1® fa©t©r te# :» *^#i*#3Li#sfe«€ a^#s 
.»fe®«p.'rtb»fei.©i».f ssA «3iclte€ fey a ft«M t» 
Wm fela 
[C-n i r  f r^J  ~^ I3E|^ |E3/1 ~  ^  
It irsaia to® t&at -of, 
€ # f © #  « m M «  j f a e t ^  t o  t l a e  
m®## ai,gWI-.%® excited mm^m^m 'm%m^%  ^ ttoa 
©ttewpfc te ®a Ja tte» laat e&s#* g4«#©» l^#©^4e 
^Zt l  *-  im wl»# ^Ej /  %• Of  bto® ^©•  
©f" • tot© ©i»t4«. m$,&  ^
@»p@-efe#€ t# .ilv#- a mtl.# ©f tto®. A*«- ttet «Jto® ^2/ »la— 
•ttir«:3,f • »»«• /^,».. ir@mM , m. 
la Wm i^ m^m %m to#-- -iijp#m liy «»-
#l#ctric .field# It is sis# pesstW# tliat i^m- stmS»® m&y "imwrn  ^
mli»s tli# 
## -a irtlw wstiM hm mm^^&S. wmT  ^w^aklf 
i# 'at aI3l* 
aoMiS.^  'tmw fetot- plat#- tm tJte 
¥-©m^# ®.a» to# ©fet.al»®€ ftr«® S  ^
tag tto .!»« ©f £$,wm% ®»d »mb«-ii:r£.pt® of ©»s 
m*m, Bijxmm vm .&t tfa.# pitot# 0©a3A Mmm.hmm fesfc#®,, 
mm i» fetee, . Wm- ©f^  
5 
suiting .is ; .C\; 
[ci,«-ii-^ ;r(c.«z«r''';(c-2jj2-fr^  ^- <^2^22 
»#se»., Wm s«ml^  &t tii@ mlso emtaiB#-
t»© ©f •'ri^ TOttom. #sa fe® %y a i-s feto .x, #i-
|S» t» |  
fli© S03.m l^m til# plftt# {«• %# 
tatwe  ^ lay Wm fiar-st fcw  ^
^m^wmSj^ rn- im 
[C'Jli3~*'^][^3tl3~^^][^3JJJ~**^J ~ 
-feii. tm? tiii« plat# hm±w^ s©^3^t®a,y 
mm- ,fl»t wp»sMi%a a j^pii. wtoinfc Is fey a» 
rjl#M ia .S»-
mM-m- m pwmm SM, mM,m mmmmp. "by 
a .fl»J,A Is .feibt- Mf smi^ mmmBrnm & , 
pw«iy .»©§# @f 'Pftemfctm wiA#ii. «»»# li#. 
toy pl®so« l^«©tei© siit^ « tie## is m© 0®  ^
t© «%«!»# Mmtmwmm&m %m ta'tei© 12 
mMmm tl*%. ^jiij'^jzzj» mm #fe# »«tsrsl tlis 
few@ ms^ m -vthwrnttim,. -^ m ptii# -^#E#etrte 
©©»%!»%# .^£/j -wiafctwly »# ast-
^mmm- ^m- m^mm %© &•«• #x©it#€ s%3^«tgly* 
i(^.rirn[C-^-"'XtH - <^4 ^ ,. 
tmt %l» jpliat-s, 
[ -c,,^ (/f^- K^j=o 
•s^  f®» plat##. 
«F. # 
« '-«- «' « '••' -» 
toatis® @f IS.^ . 1®#. l"? stew# Wmt iwt-im. 
'Wm  ^ «ie#pfe4« tWJ^  JC»0|S!» ia «<p«,M©m !.'?» •wfeS.^ <i^ . 3Pspr«-»* 
s#ats & »#• ©f -rtfetrnticm %]tet- mmmsM 'hm «K©it«4) mly f^ sr ©f 
tag® «i3i #»#! 
la tb© »# 
faefcor. of «q«.tlorj« JS wa 16, «» o^utBmMn C.„ ^ <kii^u^ 
mm ©btals^  lai*«4l»i:t-#l3r* 
4m%@ Jf&etor® 0t ^#0# #%mti€aas*, 
'tar# l^ ^*m «Jt 'te# £«*' tm tUmmm t*© M»t 
te'. tG msSm  ^ t% pommtykm %&. a<&v# iSuis# 
/^f ®is€ » 
g prisM^a. e:e®siferafcjfe».||. C13 ana Cjj 
»lii%£«a»totp wl^ . fe&e- s • Ito 
to »i»ia,.©«aliijpi la'twiiPia® &t W^mmm 
plat# mm% 
fl plaW» m wsfc la p3 
asls* 
&m mmZmMmn Cor tM# 4s mM m^s m&3M$.ma. 
la f^MBft t® ©mMmSm- fete €«sl3?©€ C/5 Cljj 
0.ommtmm%s- Sf# tri«g^wm©€ t@ l^ is »«f  ^
0f 10, tfa® .©misatatjag 
'tmmm tm %mem  ^ mt tl»  ^ »lastt© ©cms t^sats  ^
^1.2 
Y C-j#</ +2 C^/5 •#-Cjjj)'-/r z^Ct i f ,  
^— C-/^  I f^ n^CfZ .  ^  \ . 2 _>£«/> 
2/2" *^ /y 2/E" 
if "zTr -t (c,, -2 C,, + Cjrj; -V 
sO 
Ig, ftM» 1® 
"2 (fi-iii ^tUf' + ^ /j) 
-2(Cvy+C,3) aT^'f a (c»<> + ^ Jtj) - fr^ 
n 
^mmm -'tir# ; «smrs#,^  #3»e%lf asdl 
i»# ffe# tiMttsft© #^y®r 
&€ %&)»,.©r gtws as tto& 
f©i? 0®,48®- plat# 
+ [e ^'V ~ ('*^"2 '*'^t'i) + 2" ^Vt '^^J C./J 
+  [ « •  — ( f i / .  +  ^  C - i f /  ( C - n  ^ < ^ * v }  ~  2 "  
. ^  (^ e ^  2 Cn  ^e„; t J C.jy 
-t- ^[^¥f  "^1 + ~ '^V  ^~ ]  
+ tf ~ V *^ "2 '^ " ~ (^ '' •'• *^ "2 '^^ ••• ^ *is)] 
+ X[c,.+ C:ii^ +30^^^" - = 0 ....... 18. 
#tl»ati.:€® ts aad t&» a^««, 
mtm wmj Mmmmmmm ©f; tfe®- alj^ t tM# m, -©^rystsl-
l^ raplii.® ms.m $M al«« fcM® tmw m ^^ --40® 
fte# tmwm'k'wmii ia fcMs ©tmMcm air®, sm  ^ that t)^ .. .1 .^ 
swlttmg, :l»® ©impoa^t® i» te@m t.l®^JE, ma^ 
..^ «#tlim»-# #©• it W0ttM b® tte© .a^«s '®f 
#®ttM If*- -fieM tesviag » :lto. tm 
%oth ©r t&® x  ^ sfiit Xg* 
. , Wt t'mx'- mi&mtta C i^r, i^z C.,^   ^
2 
te^m,^ ... sai If s% I#a.»ii  ^ «&r## K •# e®a  ^f®w&t, 
18 #« If#. tm 
e^st!eBSs;|i: ^13 
13315l£«Bd tewapt Xy axls^ sas€. aa 
Tflitsii ®i« fe# ate-lsmlii^ A t» •%!»• ®:®*©a-3»l@€ 
a-^ ismfe pimt®. 1  ^m »a*t». c«: s®©;^ oia#as«,, « m 
i.» ft pimt® wmmm tmmm mm i»rall©l t# a 
•^ , E I'm## of mmtmml, imsftm 
#iys*al# 
ASS toning « ag^»tb: of" S@ ,^. i«, 
iw©mt« •«itM F^apect %©- %:&# ^aidl»# .ia®-^#- •A-<-s««»Sai»' 
tls f®att 
w^mm I2 Jj ##ato:»s ©r a^a.@« t&« 
.B«*l t# tii« plate *2 i®ft saw,.. 
f£^ -- . HK .. ...^ . -I -I'll .tiJ^ -.^ik .^C^ -J «t£k jfr- 1^1 Jfc'., --M iMiW' II J|^ J^A 'T-ii- ii> • • F®*' M pjmwm  ^ ®r W&B feMi©iS 
the fcam [ 4^7^^ 
[~£S^22 (^tj "t 00/^ C-fj^ "^ • C-fy 
+  ( . i ? iZ2  C .„+ . /4 iJS  C j , f . y7 j ' j l  C ,y  - . 3S2 iO  l r ' )C j j  
+ C^I740C^^^ tC^)(i/7fC>C„ i-.3»ZiOC^^- f72m,f>V 
- t¥S6ojC^ -^. ^ f7'ft>C'i)^ ] = O 19. 
•27-
is f'l^ t. £m&%0w 
@-f irlbratlos . er a eai^ ls&tl©». of 
#&«:&» st»S»» 0i3 «ai -©ij «: »o^  
eiOi %® fey s #«p«iiiS SJS ISI2 
jr«©t«r 4« i^a## %mm 
©f  ^$MwmZ'wlLmB ^2?, Ojj , Bzi # ssyi ^3Z» 
^Imm ©C %#t.®g. ®»lt©€ ^  a fi«M la tim *,. 
1^1® I). 
It is 
msm- lm hm meaiMMt%#3.y 
m^ It ts ia|p®»a%l^# tli« .mmpi 
to 1»© mmmA hm fr#@ ©# 
i?f scBffli way hm 
ite® tm&mm: -mT P3A%@ W3py 
 ^Wig«3» « 
©:r t^ mmm' 
flatus ©f mirioas nrlsatst: 
*#ll-a#w3.©p#d#qwm%m 
steeail te®' <ai©st^ amt®it 
Gwya t^ett 1 wmm 'f 
'ims  ^ ia tU0 €i:r©eM©a. mt tto© 
10 la €ttameter 
I aM S wi©3p® m-
#!®ir#a0:p«€# i*#fl@©Mmg 
l»lisatlmg» S» p 
mSsg wa.» msii# wl%,b. fe# ©i^ sfes-la 
#« 
1. wm& 
iS emrn ia 
®» tim 
©s^sfeitl 2 wmm ap-^  
»:ls ©f 
OJC t43B®' ©i^ yst-aa.# f<«p twSja-
iM&st et  ^
W^3mw%&@  ^ ligWfc m&m €ii»»e%.®€ tto&i 
M-'icm ©If t-li#- ©ptt#, «r Mj p m^Xm 
m. plat© mt .«®«©i^ i»g %« tkm pr#©«#ap® 
MM twS.Mi.i^ * aaly jpo^%S©ms m£ tim &% m 
e0asi€#^aM# .dlstaiie# 1^^. any twteai^ mmitm ip:«€ t©T-
w&m. fey mmm&m m. |p©w#r**4i^ ^«a, t^attag 
dtslfe wM©M m aisfctw® ©f airt i»s ,Jt@d. 
lto»- t*© Atsto# 
e®air#«y aaia thm miiimw 
for' fia©^ w«i»1e* Jlli. w#» wii;la hemaA jp^tud-
li^  m .plat#, gl&sii#.. with. m^M®m of f3.i» as tli®-
al>pssiire« . .«irCa©@s a Jtiaisli.. 
'fb# S tmtimm -©f ©ipfsfeal aafl. tim m mT (R«;> ra##s 
wttM trl:il0l& -fe  ^ X #»#•» wltti t^ - ^ mmm mgl# 
tod t#i5atasfclas t&©- ©pystsl witfe. a 
M mil fmmmm- aar# a®wl©p#d* 
mimmm tim- S aim©®! iiiw»tml»l.y tla^y piP9irl4# 
ttor## eomif©ml#mt l^sa«s tm tli® pla s^* 
"IPir© m^mwrn^mlw ^T%mA»w& tm.&mm.0. t© iss#A »s 
pJLaa«@,,.. w«i?e m.. mm@U ^#f®j»©a©# 
,p|.am#s a ml%mm &bmm% E*S «• tlii..eM was emt 
hmmm ®f :®ae& e^fp-^1:^ wmA Wm ^mmmm 
f l:riit plam# e«iS'l»fc#€ of' .<»» ©f ttt# sia?jFae#s 
•of "fcM© aiie® .gr«aaa p«r^aidlS.e*i3L.ar' %o ttoe opt:!.© i^j) 
«1®.* %M.» glJis#, was Ibas# daro 
em a pl#s# o-f^ g^mm m&dL a t#.E«a#©p# at m.m miAm mmm. 
 ^a m^mX Im •^# &t fcha B fe#©B» tJb© 
©i^^tal TO« ,s»©tiat#€ -imls^rvals fa?« R t&mm. t© 
of' tte©- ^oi^ t mtti mil 
e:«efea©k tr© Wm tmwts&mtml mt tfi»- t®!#-
#eo^» 
ffto# &t IS t^- f0» tfc® t#.l#ss#ps., ®€ms-i»-tlag. Gt & 
,«m3J.,, p©i4^ slii^  «%#«1 wa# somt®^ ' ta #Jf ttos t#!®**' 
s.©©jp# leas mm tfe t^ mt m €tstoa%-
Imp mmmm  ^ t# ©yigiaat# »t tSie. @«st®ip of t#l@»©ii^  i«as« 
®yLs a3j»s# a jp#ttt% soW'iMt of lilg&li fiwr ii€®waJL 
•i^ #fmwjm^% trn&mm 
r®Jf©r«Be# m&mm^%mt@A of & sispf&e# ps r^peaa*-
41c«l«r to 6I« 3^2. «tf X, «a.8. to angle telook was first ad-
<» a p3jit« «f g3A«s ## ttoat ce# swfa-©# w&» 
tb«- terlgenlml a:^» of tMs %®liig 
by mm. @pt4©a.l. pUtm# ©f 
wa# tliem mm- tlmt tto.® ©f tit® -jpeijit mt 
f3P'a« fiffli.S fsks® f#l.a.. e® ttoe wwfcioal. Sift, 
•t«l#sf-esi»®' w&®a wmtm:mm.®m plaa# was pat in- #€ml;aet mittt 
•wmgkm- iQii€ sit %imm mm 11^% 
feto©- wrntmitmmmm plam# aad aagl®- fe4##k« «ms -ststlJim-fceA %lMt 
'tim wmfmwmmmm- wm»&-- wm%X -wttli. I.*' ©f fcto0-
sp®olf 1@€ ai^l# mt 
ta® sli#® wa® ent tn® erys l^p. ifc:iii sia# ©ppcisl.^ # 
%toj» f.t3r«t was Sa,eM sli©# mm timm 
•mmmS.m  ^ f®ip twlimtiig tef tfe® as® of f(©la.i?ts®€ a -^ all 
twii»e€ aa^eas 
Ali  ^t&« pla%## w®Bi» iisd# wlttot mppe t^ms.tmlL'$- ssm® 
Mm pJat# mm ' 
s® fctast 0rl#atmtlm ms e^wp®©# t@ 
1»: .©f sp#©:i£i:^  aBgl# tM felajsk ti® pla%s 
ims ©mt frw tie© iargsi? ^mayts ^M,» smtfrnm f&w- tim 
0^,00 mm» vmMm %m tto©- tw» ptmmmm f^ 
Sup 
•tM# aagl® li#iJts wi^  plat# ®.aa iyo^# %t©©3fe.# tito 
^SM^SM.^  Mmrblmiim  ^mttl .wm |ms« 1J1» b3.#©te 
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ftjfst. pjsa« as# -paml.!®! t# tl»- mrnrnrn^m. fl^  
was fey ##©a&ia  ^ « ©3  ^tt#- 4^®  ^
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m«» »s tto®  ^ l&fe#i«3.. mwttsmmm w«y# .gr«JW2 .^ t© fism! tmm., 
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. Illustration of the wayivier in which _£ varies Sec, h 
with respect to the order of the harmonic, n 
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for the first mode of vibration of the cy^O^piate 
from crystal 1 
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